4-5 days. In the group of monkeys developing rash , activation of coagulation was suggested by an 80% decrease in platelet count and 20-30% increases in prothrombin and activated partial throaboplastin times . Fibrinolytic system activation was indicated by the appearance of fibrin degradation products. Kinin system activation was evidenced in both prekallikrein and kininogen . Changes in laboratory tests suggestive of subclinical DIC were also noted in infected monkeys which did not develop a rash. Pathological evidence of DIC was obtained through observation of numerous fibrin thromb i in the kidneys of the only monkey which died , ,
INTRODUCTION
The syndrome of disseminated intravascular coagulation (DIC) 1 is an acquired hemorrhag ic disorder characterized by the apparent simultaneous activation of blood coagulation ( 1), f i b r i n o l y s i s ( 2 ) , and kinin generation ( 3 ) . It is manifested as a bleeding diathesis r e s u l t i n g from loss of platelets and consumption of clotting factors ( 1 ) together with organ ischemia caused by deposition of fibrin In the microcirculation ( 4 ) . DIC is a well-described clinical problem ( 5-8),
and has been identi fied as a serious comp lication of an ever increasing nuáber of infectious diseases ( 6, 8, 9) , especially in Gram-negative bacterial sepsis (9-13). Specific criteria for the diagnosis of DIC vary among reports -in the literature , however , it is generally accepted that there are 1 Abbrev latlons used in this paper: DIC , disseminated Intravascular coagulation ; FOP , fibrin degradation products ; PT. , prothrombin time ; APTT, activated partiil thromboplastin time , EDTA , ethylencdiamthetetr~icetic acid
clinical , laboratory, and pa t hologic manifestations of the syndrome (8) .
Each manifestation is a reflection of the presumed pathophy siology of the DIC syndrome , simultaneous activation of coagulation , ft b r i n o l ys i s , and kinin generation. This report describes a model for DIC in rhesus monkeys with experimental Salmonella ~y phimurium sepsis which satisfies the clinical , laboratory, and pathologic criteria for this syndrome . Representative tissues were taken from one monkey which died during the course of illness , fixed in 10% buffered neutral formalin , processed through paraffin in a routine nwnner , and sectioned at 6 um .
Tissues were stained with heznatoxylin and eosin ; selected sections were stained with phosphotungstic acid hematoxylin (PTAH) for the demonstration of fibrin ( 2 6) .
Blood collection. Blood samples were taken on days -4 and -l prior to beginning the experiment (infection), 4 hr after infection (day 0), and daily therafter . Samples for quantitativ e blood cultures and hematologic measurements were drawn into heparin or EDTA using 2-and Tests to identify significant differences between individual means were computed using Students t test ( 2 8 ) .
RESULTS
Baseline valuim for the laboratory tests performed on each monkey were calculated as the avcr;i~e of determina t ions done on two separate days prior to i n f e c t Ion (days -4 and -1). The c o l le c t e d mean "normal"
values from all of the monkeys of these t e s t s are prc --ute d in Table I .
Infected monkeys became letharg ic , and developed ' ever and a significant , though transitory leukopenia ( However , epistaxis , bleeding at the gums , or blood y stools were not observed. Those monkeys which developed rash appeared to be more severely ill than infected animals without rash . This impre ssion ~a s supported by the finding that those infected monkeys which developed rash had a 10-fold higher average titer of bacteremia than infected monkeys without rash ( Fig. 2 upper panel) . Appearance of rash was taken as clinical evidence of DIC , and provided the basis for useful comparisons between infected monkeys ; those which developed petechial rash , and those which did not.
Activation of the coagulation system in infected monkeys was suggested by significant changes in several laboratory parameters. Infected monkeys developing rash experienced severe thrombocytopenla (Fig. 2 , l ower panel), with sig n i f i c a n t depression (P < 0.001) for several days. The lowest average platelet count for t h i s group was observed on day three following
infec t ion , and was only 37.0 x 1O 9 per l i t e r . P l a t e l e t counts for the group of infected monkeys who did not develop pet echi al rash also fe l l s i g n i f i c a n t l y (P <0.01 ) (on day s 2 to 3 f o l l o w i ng i n f e c t i o n ) , but the decrease was much less than for the group w i t h rash. F o l l u~d n g t h i s comparatively mild depression , p l a t e l e t levels in this group rone markedly, and became s i g n i f i c a n t l y elevated (P . c 0.001) during recove ry.
S
Platelet counts in the non-infected control group of monkeys did not change si g n i f i c a n t l y .
Prolonged prothrombin times (PT) were observed (P < 0.01) in infected monkeys which developed rash , coinciding with the hei ght of illness ( Fig. 3 upper panel) . In the group of infected monkeys which did not develop rash , PT were also prolonged significantly ( P < 0.01) fo r 2 day s f ollow ing infection. The PTs of the group of non infect '-d control monkeys became 2-3 seconds shorter than their control value , presumably due to the stress of daily venipunctures .
Activated partial thrombop lastin t imes ( APTT) were significantly prolonged fGr infected monkeys whether they did or did not develop petechial rash (Fig . 3 , lower panel). APTTs were prolonged ( P < 0.001) for the group of infected monkeys without rash between days 2 and 3 of the Infection , at the hei ght of illness. The APTTs of the group of infected monkeys which developed rash was shortened on day 0 ( 4 h after infection), then became prolonged , reaching a maximum on day 3 of the infection before returing to normal. In contrast , APTTs for noninfected control monkeys wete shortened , relative to their norma l values throughout the study, as had been observed for the PT values of the control group.
The fibr inogen concentr ation in the plasma of noninfected control S monkeys rose slightly, peaking on day 2 of the experiment (Fig. 4 ,
panel). Plasma fibrinogen concentration in infected monkeys
which did not develop rash rose to significantly elevated values ( P < 0.001), as might be expected since fibrinogen is a' acute-phase reactant ( 2 9 ) . Fibrinogen concentrations of infected monkeys dev~loping rash rose to essentially the same value as those of monkeys without rash , but did so more slowly. During the period In which the rash was appearing at the height of illness (day 1), fibrinogen values in the group of monkeys develop ing rash were relatively lower than for those monkeys who did not develop rash .
Fibrinolytic system activation during the experimental sepsis , as assessed by determination of fibrin degredation products (FDP) was not observed at any time in the serum of the group of nonin fected control monkeys (Fig. 4 , lower panel). They were , however , observed in the serum of infected monkeys , whether or not the monkeys developed rash.
Infected monkeys which developed rash , had much higher values of FDPs , especially at the height of illness , than the group of infected monkeys without rash.
Evidence for activation of the kinin system was obtained by measuring p lasma prekallikrein activity and plasma kininogen (Fig. 5) . Prekallikrein activities of all infected animals fell significantly (P < 0.001); however , the lowest value observed in the group of infected monkeys which developed rash (-57.6 units/ml on day 2 of the infection) was much more depressed than the lowest value observed in the group of infected monkeys without rash (-32.5 units/i'l). Further evidence of kinin system activation came from determination of plasma kininogen concentrations (Table II) .
Infected monkeys with rash had a lower average kininogen value at the height of illness , compared to monkeys without rash and non infected S controls.
.
11
Pathologic evidence that DIC occurred in association with this experimental infection was obtained by examination of the tissues of one monkey which expired at the height of illness. Cross examination at necropsy showed extensive petechial rash , evidence of hemorrhage in the small intestine , and 1-morrhagic congestion of the spleen . Microscop ic examination of the several organs above confirmed the gross observations of multifocal hemorrhage . In addition , multiple fibrin thrombi were found in glomerular t u f t s of both kidneys (FIg. 6 ) , and other tissues as w e l l .
All other monkeys recovered spontaneously (within 7-10 days) from t h e i r S infection.
- . typhlmurium into a monkey produces a titer of bacteremia of organisms/nd immediately following the injection . 2 Within 4 h the titer of bactereinia falls to io ' -1o 2 organisms/nil and a transitory leukopenia develops ( Fig. 1, lower panel) .
At the 4 hr p Qstinoculation time , the onl y laboratory parameters which were significantly changed were increased PT ( P < 0.01) in all infected monkeys and a decreased prekallikrein value in the group of Beller , E. Deutsch , and E. F. Mammen , editors. Thieme Verlag, S~uttgart . 514-524.
-. Prothrombin times were determined on citrated plasma samples , then each monkey 's times were normalized relative to the mean of his day -4 and -1 values by computing differences from this "normal" value .
Mean differences in seconds are presented (mean ± 1 SE) for the noninfected control (0 ), infected wi t.bout rash (~~ ), and infected with rash (A ) monkeys. Statistical anal ysis to detec t si gn ifica n t changes was done by analysis of variance as described in FIGURE 1.
The point of infection is noted by the arow. 
